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President’s Message

Christy Cornette--2007 SAFE President

My first SAFE

Symposium was in 1985 in
Las Vegas. | remember
being energized by the
experience and was immedi-
ately hooked on SAFE.
There was so much to take
in: the hall full of exhibits,

. interesting and stimulating
technical presentations, the Sir James Martin lecture,
General Spruance’s “The Will to Live™ lecture, the
demos, and the interaction at the social eventsit
was awe-inspiring to a newcomer and captivated me.
During the Symposium, 1 encountered committed and
enthusiastic people who were making a difference in
the survival and life support community.

There was a contagious feeling of camaraderie and
passion among the members and | knew | wanted to
be involved and play an active part in the organiza-
tion. In faet, one of my current goals as President 1s
that all neweomers have that same experienee at our
symposium: | want it to be the optimal experience.

One common question we hear is, “What do I get for
my SAFE dues?” 1 feel that paying my SAFE dues is
similar to supporting one’s own favorite charity. You
give to your favorite charity because you feel
strongly about it and belicve in its cause. Your giving
fosters the organization’s existence and helps to fur-
ther its mission and goal. The reason | pay my dues
is not only to reeeive the newsletter, journal, dis-
counts at registration and so forth, as I feel those are
bonuses of my membership. The value I get has noth-
ing to do with tangible items —it’s the intangible
things from which 1 truly benefit.

[ sce SAFE as having a simple objeetive: make peo-
ple in the world safer. You have heard the saying
that
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“knowledge 1s power™ but knowledge can also be the
difference between life and death. Making a split-
seeond decision in an emergency situation is always
easier if you know what course of action to take.
SAFE provides safety and survival knowledge and
sharing those lessons learned is a vital part of part of
our information network as an organization.

SAFE is about preventing injuries and saving lives.
For instance, no one can say that they have listened to
General Spruanee’s session and not learned valuable
safety tips. When a session or an article makes you
say 'l never thought of it that way and that is good to
know,” then SAFE has done its job.

1 am so proud of how our SAFE vendors help solve
our warfighters’ problems. They work tirclessly to be
a part of the solution and support our troops in their
tough and dangerous mission to protect us on the
home front. Developing products that have to work
in complex environments is not an easy job—we need
our Forces to be safer and more protected than they
have ever been before. It 1s niee to see that some
things are more important than making a buck.

Our first SAFE Board of Directors mecting was in
San Antonio where we co-located with the Air Force
Industry Days conference. The meeting was very
well attended and very productive. | want the Board
of Direetors to look at the symposium from the atten-
dees” and corporate exhibitors” perspective and truly
listen. Doing this, along with looking forward to the
future, is key. 1 want to try to implement ideas that
make good sensc and provide value. Some changes
may work or may not but we don’t know unless we
try. The board that follows mine will lcarn from
these changes and continue with them or change
them. Any change involves risk. I sec my role as
doing what benefits SAFE and protects it for the fu-
ture.
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RESEARCH, DEVELOPMENT, TEST & EVALUATION SECTION

An Examination of Survival Rates Based on External Flotation
Devices: A Helicopter Ditching Review from 1971 to 2005

Michael Taber

Survival Systems Training Limited
Dartmouth, Nova Scotia, Canada

John McCabe
Dalhousie University
Halifax, Nova Scotia, Canada

ABSTRACT

The data set consists of 511 helicopter ditching cases in
which we could determine the number of occupants, the
final position of the aircraft, the presence of external
flotation devices and the number of surviving occupants.
The final position of the helicopters indicated that 56
floated upright, 326 inverted with 156 of those sinking.
It appears that helicopters that invert and sink
significantly reduce the survivability rate of the
occupants (p < .001). In addition, 298 of the helicopters
were cquipped with external flotation devices, while 109
did not have flotation devices. External flotation devices
appear to assist in keeping the helicopters floating on the
surface of the water (p < .005). However, it is not clcar
that survivability in helicopters with external flotation
devices is higher than without the devices. This result
may be partially due to the fact that approximately
46.5% of all helicopter ditching cvents involve the
helicopter sinking. The results also indicate that 42% of
helicopters fitted with external flotation devices still
sank. It appecars that installation of external flotation
devices alone is not sufficient to result in a higher level
of survivability following a helicopter ditching.

INTRODUCTION
Past rescarch concerning helicopter ditchings and forced
landings typically examincs technical aspects of the
accidents such as mechanical failure, whilc others
cxplore the difficultics faced by the occupants during
cgress of an overturned aircraft (Brooks, 1998, 1988a,
1988b; Clifford, 1996; Contarino, Locslein, & Kinker,
1999; Reader, 1990). The Federal Aviation
Administration (FAA) defines a helicopter ditching to be
“an cmergency landing on the water, deliberately
cxccuted, with the intent of abandoning the rotoreraft as
soon as practical. The rotorcraft is assumed to be intact
prior to water entry with all controls and essential
systems, except engines, functioning properly” (Chen,
Muller, & Fogarty, 1993, p. 3). The Civil Aviation
Authority (CAA) describes a ditching as a planned cvent
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in which a flight crew knowingly makes a controlled
emergency landing in water (CAA, 1995).

Although the FAA and CAA identify a ditching as a
situation in which the aircrew have planned and
deliberately exccuted the landing, however, there are
occasions when this is not the case. Therefore, this
study has included all cases in which the helicopter has
unintentionally landed on the surface of the water. A
helicopter ditching situation can also be divided into
threc basic phases: 1mpact, position of the aircraft
following impact (post-impact), and cgress. Each one of
these phascs has its own unique problems for an
individual trying to survive the crash. However, this
paper will focus only on the position of the helicopter in
relation to the surface of the water. The post-impact
phasc typically involves the helicopter capsizing and
filling with water and possibly sinking; however, the
aircraft may also remain upright. Thercfore, the position
of the helicopter (post-impact) is of considerable interest
as 1t relates to survivability of the occupants. The task
complexitics placed on someone trying to egress from an
inverted helicopter that is at the surface of the water are
undoubtedly less than those experienced if the aircraft is
rapidly sinking to the bottom of a lake or ocean.

In most cascs, if an inversion takes place, it is within a
very short period of time. Clearly, if a person does not
know what to do during this period of time (cgress
phase), surviving the ditching is considerably more
difficult. Additionally, a helicopter that has inverted can
cither float or sink. This post-impact position of the
aircraft is related to the structural components such as
auxiliary flotation devices and any air that may be
trapped inside. Chen et al. (1993) reported that if a
helicopter sinks after it inverts, survival rates will be
significantly reduced.

Current flotation deviees for the helicopter can be armed
by the aircrew prior to water impact or deployed by
water activated mechanisms. In addition, the flotation
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bags are filled with carbon dioxide and nitrogen that
must inflate all bags at the same time to avoid
asymmetric buoyancy. Moreover, past research has also
explored the possibility that external flotation devices
mounted low on the fusclage of the helicopter are
associated with higher survivability of the passengers
and crew (Chen et al., 1993; Clifford, 1996; CAA, CAP
641, 1995; Reader, 1990).

By examining the most recent preliminary ditching
reports (last five years), the recommendations made by
both the CAA and FAA concerning flotation deviees can
be examined for effects on survival rates and
survivability. For example, Reader (1990) suggested
that the designs of external lotation devices are
vulnerable to impacted forces, which may cause them to
become separated and/or to deflate rapidly.  Clifford
(1996) reiterates Reader’s suggestions and points out
that of the 61 military ditchings examined 50 (81.8%)
inverted. cither immediately or delayed. The fact that
helicopters have a high center of gravity due to the
majority of the weight located in the main gearbox and
rotor systems is generally cited as a contributing factor
for inversion. Moreover, the compartments located at or
below the water line contain mostly air or fuel. This
combination of a high center of gravity and air and fucl
trapped in the lower compartments in conjunction with
the turning movement of the main rotors coupled with a
flotation device that may or may not remain intact
represents  a  difficult  challenge for engineers to
overcome when designing external flotation deviees
(Brooks, 1989; Chen et al., 1993; Clifford, 1996; CAA -
CAP 641, 1998, CAA — CAP 719, 2002; Reader, 1990).

The majority of published reports on the difficulties
Taced by members of the rotor wing community during a
ditching have been conducted by or for governmental
agencies in an effort to better understand some of critical
issucs.  In many of these government reports, a
discussion concerning helicopter flotation devices and
crew survivability has been examined (Chen, Muller, &
Fogarty, 1993; Clifford. 1996; CAA, CAP 641, 1995:
Reader, 1990). Although current legislation from both
the CAA and FAA strongly recommend the use of
external flotation, they Tlall short of mandating such
devices be installed for over water operations that do not
mvolve ferrying passengers.

Hypotheses. There arc two fundamental hypotheses that
were tested through the data analtysis and are as follows:

1. The Tirst and somewhat intuitive hypothesis is
that survivability 1s affected by the final
position of the helicopter in relation to the
surface of the water.

2. The second hypothesis under investigation is
that flotation devices will contribute to the
overall survivability by keeping the helicopter
at the surface of the water.
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METHODS

Procedures. To examine the two hypotheses, a global
databasc of helicopter ditching reports has been collected
mainly from the National Transportation Safety Board’s
(NTSB) accident database, CAA, FAA, and the
Transportation Safety Board of Canada reports (Baker &
Bellenkes, 1996; Chen, Mutller, & Fogarty, 1993;
Chilford, 1996: CAA, CAP 641, 1995: Reader. 1990).
The data set includes 511 ditching reports that span more
than three decades from 1971 to 2005. Morcover, the
data includes over 70 difterent helicopters from more
than 10 countries. There were no exclusion criteria, such
as type of helicopter operation placed on the reports. The
inclusion criteria were that the ditching of the helicopter
was an unintentional landing on the water, and that there
was sufficient information about the position of the
helicopter and the installation of external flotation
devices for appropriate statistical analyses to be carried
out.

Data Division. The complete data set is divided into 18
different categories; however only a few of these will be
examined in this study. Chen et al. (1993) point out that
survival rates are influenced by inversion rates. therefore
this variable will be of major interest. Furthermore, they
suggest that 1T the helicopter rolls over immediately there
will be a higher rate of injuries and fatalities. This report
examined the relationship  between  survival  and
inversion of the aircraft as well as several other
variables. The first 10 be examined is the tlotation
device status of the helicopter.  Many of the reports
lacked the information necessary to discern whether the
helicopter in question was equipped  with tlotation
devices.  Therefore, 1t was determined that a typical
configuration of the aircraft would be used to decide
status of flotation.  For example, all Canadian and
British military Sea Kings are ¢quipped with external
Notation devices; thercfore, regardless of whether the
report explicitly provided information about the use of
flotation devices, it can be reasonably assumed that
external  flotation  was  installed. Morcover, this
determination can also be considered reliable in so far as
Joint Air Regulations and the FAA require helicopters to
carry external flotation while transporting people over
water more than 10 minutes away from land (FAA-
7.1.8.18.2002: JAR OPS 3.843(d). 1999). Based on this
assumption, 298 (58%) of the helicopters in the data set
were determined to be cquipped with some form of
external flotation.  Although an assumption was made
with regard to the installation of external flotation
devices, no such assumption has been made concerning
the functioning of the equipment or whether the pilots
had the opportunity to deploy the devices during the
ditching.  Therefore, any analyses reporting use of
flotation was based on reports that explicitly indicated
whether the devices were used.

Survival rates are based specifically on the number of
survivors divided by the total number of occupants.
However, survivability for our purposes was categorized
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as either less than or equal to (<) or greater than (>) 50%
of the oeeupants surviving the ditehing.

Data Analysis. As all data 1s of a nominal nature, Chi-
squarc analyses were used to examine relationships
between survivability and all other variables.
Furthermore, three separate outcome conditions were
used during analysis of this data: float upright, float
inverted and inverted and sank. There were no reported
cases in which the aireraft sank in an upright position.
This 1s probably due to the top-heavy configuration of
helicopters.

RESULTS
General Results. Of the 511 ditehing reports, 382 cases
indicated the final position of the helicopter.  Of these
382, 56 (15%) of the helicopters stayed upright on the
surface of the water while passengers and ecrew
evacuated and 326 (85%) of the cases reported that the
helicopter inverted. Of the 326 cases that inverted, 250
capsized immediately. Also within the 326 ditching
reports that indicated inversion of the helicopter, the data
show that 96 remained floating at the surface and 156 of
the aircraft sank. Unfortunately, 76 investigation reports
did not indicate whether the capsized helicopter sank or
floated .
An examination of the overall data set (511 cases)
indicated that the overall oceupant survival rate was
66%. This is consistent with Clifford’s (1996) study that
identified an overall survival rate of 62.5 % for eivilian
helieopter operations.

The 511 cases represent a total of 2478 individuals being
involved in the ditehings. Of the 2478 people, 1312
(53%) rcecived some form of injury. Of the 1312
injured individuals, 835 (64%) received fatal injuries.
Figurc 1 shows the yearly frequency of the 511 cases
spread across the full period (1971 to 2005).

] T r T T T T T
1970 1975 1980 1985 1990 1995 2000 2005
year

Figure 1. Total ditehing eases from 1971 — 2005.

Of the 511 cases, only 416 (81%) ecases contained
sufficient information to confirm or reasonably assume
whether the helicopter was equipped with flotation
devices. Within the 416 cases, 108 (26%) did not have
flotation installed.  Although the remaining 298
helicopter had external flotation deviees, in 82 (27.5%)
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cascs the airerew did not deploy the flotation deviees and
the aireraft sank below the surface.

Flotation Devices & Buoyancy. In order to examine the
relationship between external flotation devices and the
posttion of the helieopter in relation to the surface of the
water, a Chi-square analysis was conducted (Table 1).
Within the 298 ditching reports that indicated the
presence of external flotation, a total of 241 cases
indicated both the presenee of external flotation and the
final position of the helicopter. Based on the 241 cases,
the results of this analysis indicate a positive effeet of
flotation devices and the helicopter remaining on the
surface (p = .005). Results in Table 1 indicate that 113
(88%) of the helicopters that remained at the surface
after ditching were fitted with flotation deviees, whereas
only 16 (12%) did so without flotation devices installed.

Table 1. Buoyancy versus the installation of flotation
deviees.

Position of the | No Flotation Flotation Total
helicopter installed installed o
Sank 30 82 112
Float 16 113 129
Total 46 195 241

(1> = 8.030, df = 1, p = .005)

Buovancy & Survivability. Within the full dataset 326
cases indicated that the helicopter inverted. However,
only 307 eases indicated the position of the helicopter
and information about whether it sank or floated. The
reports identified that 152 helicopters remained at the
surface and that 155 sank . Of the 152 cases that floated,
only 56 (37%) remained upright. A significant
relationship (%* = 55.856, df = 1, p < .001) was found to
exist between the position of the helicopter and
survivability (</> 50%) (Table 2). This result supports
the first hypothesis.

Table 2. Survivability versus position of the helicopter.

Survivability Sank Float Total
<50% 80 18 98
>50% 75 134 209
Total 155 152 307

(3 = 55.856, df = 1, p < .001)

Flotation devices & helicopter position. Table 3
demonstrates that a signifieant  relationship exists
between position of the helicopter and the presenee of
external flotation deviees (x* = 10.077, df = 1, p = .002).
Flotation devices were installed on 298 of the helicopters
involved in this study. However, 54 of those ditchings
did not indicate the position of the helicopter. Flotation
devices were not installed on 108 of the helicopters;
however, 43 of those cases did not indicate the position
of the helicopter. Therefore, when the analysis was
conducted to determine if cxternal flotation devices
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affected the position of the helicopter only 309 cases
could be used.

Table 3. Flotation devices installed versus position of
the helicopter.

Position of No flotation Flotation
. ; . Total
helicopter installed installed
Rcmz_nncd 5 47 49
upright ) e
Inverted 63 197 260
Total 65 244 309

(2 = 10077, df = 1, p = .002)

Table 4 pertains to the second hypothesis and shows the
relationship  between survivability (</>) 50 % and
whether the helicopter had external flotation devices
installed. A Chi-squarc analysis was conducted to
cxamine the etfect of external flotation devices on
survivability (</> 50%). Table 4 clearly shows that the
ctlect is not significant (p = .21).

‘Table 4. Survivability versus external tlotation devices.

e Flotation
Survivability flotation iy Total
. installed
installed
<50% 35 77 112
>50% 74 221 295
~ Total 109 298 407

(= 1.574,df=1,p=21)

Relative Effects on Survival Rates. Figure 2 shows the
relative etfects of the variables and their influence on the
overall survival rate.  As can be scen, the installation of
external tloatation devices does not seem to significantly
influence survival rates. What about the other variables?
Is the immediate variable a sinking or inversion rate?

Main Effects Plot (data means) for survival percentage
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FFigure 2. Survival rate versus flotation installed, float,
invert and immediate vanables.

LAST FIVE YEARS OF DITCHINGS (2000-2005)
The last Tive years (2000-2005) of ditching reports were
examined through Chi-square analysis to explore the
ctfeet of the recommendations made by the CAA and
FAA regarding the installation of cxternal flotation
devices.  Within the last five yecars 117 ditchings have
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occurred.  These cases included 486 passengers and
crew. Of the 486 personnel, 314 (65%) were injured
with 197 (40.5%}) of those injurics beng fatal.

The relationship between survivability (</> 50%) and
position of the helicopter was found to be signiticant (p
- .02).  Further, the relationship between survivability
and the immediacy of the helicopter inversion was found
to be significant (p = .002). However, survivability and
the installation of external flotation devices was not
found to be significant (p = .708).  As with the larger
datasct, the most recent data only (2000-2005) tound the
installation of external flotation  devices had  no
significant cffect on survivability.

LIMITATIONS

One of the most important limitations to keep in mind
relates to the amount of information contained in the
preliminary accident investigation reports.  Frequently,
these reports do not include similar information or the
cquivalent amount of detail. These difterences limited
the number ot cases and combinations of variables
which the authors could analyse. In some of the reports
the position of the helicopter as well as the presence of
flotation devices was reported, yet in others only the
position of the helicopter was reported. Morcover, the
present study was unable to obtain the information
required to identily the speeific causes for cach Tatality
due to limited human factor information contained in the
preliminary reports. One Turther himitation ol this study
is related to the availability of reports.  For example,
limited access to military ditching reports reduced the
number of cases that could be used for analysis.

DISCUSSION & CONCLUSIONS
The overall purpose of this study is to cxamine the
relationship  between  external Notation  devices  and
overall survivability (</> 50%). To iterpret the
tindings, the first hypothesis suggests that survivability
is linked to the position of the helicopter in relationship
to the surface of the water. A significant relationship
clearly exists between these factors.  This tinding is
somewhat intuitive in that one can expect to have a more
difficult ume cgressing from a helicopter that is sinking
to the bottom of the lake or ocean, than evacuating an
aireraft upright on the surface. [If the helicopter remains
upright at the surface, even an injured individual has the
ability to continue breathing air; whereas a person below
the surface will need to rely on breath holding capacity
that may be impaired by the presence of cold water or
the type of injury incurred during the ditching.

The sccond hypothesis is that external flotation devices
contribute  to overall survivability by keeping the
helicopter at the surface.  Interestingly, a significant
relationship was not found to exist between tlotation
devices and survivability.  This may be due to the fact
that 16 ditching cases resulted in the aircratt mverting
and remaining at the surface even though they did not
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have external flotation devices. A typical helicopter may
have many of the void spaces within the passenger cabin
filled with air. This trapped air may help to explain the
cases in which aircraft did not sink despite the lack of
external flotation devices.

Chen et al. (1993) suggest that inversion of the
helicopter is closely related to overall survival rates.
However, their study only examined survival rates in
relation to immediate versus delayed inversion of the
helicopter.  The current study would support these
findings, but also suggests that the rclationship is
influenced by the position of the helicopter during the
occupants’ cgress or evacuation. Reader (1990) reports
that keeping the aircraft at the surface of the water would
aid in overall survival rates. Again, the current study
would support these observations. Morcover, Reader
suggests that the aireraft should have more flotation bags
positioned around the midline of the helicopter to reduce
the impact damage that may render the devices useless.
In support of Reader’s suggestion to reconsider how
flotation devices are thought to impact survivability, this
study did not find a significant effect of the currently
designed  external  flotation  devices and  overall
survivability. Even after examining the last five years of
ditching reports, the authors did not find a significant
relationship between flotation devices and overall
survivability rates.

Perhaps looking beyond traditional forms of inflatable
bags to investigating the possibilitics of different types
of flotation devices would be beneficial. For example,
inherently buoyant flotation that could be installed in all
of the void spaces within the helicopter may help
alleviate some of the reliance on bags that could be
damaged during an impact with the water.  Future
rescarch and acrospace engincering studies should
consider examining a hybrid flotation system that
combines both inherent buoyancy and inflatable bags.
However, it is doubtful that any of these combinations
will completely remove the possibility of the helicopter
inverting; therefore it is important to take steps to ensure
that the helicopter is kept at the surface (inverted or
upright) until all surviving occupants have had sufficient
time to cgress.

Although this study demonstrates that survivability and
the position of the aircraft are significantly linked, it is
not clear that the provision of external flotation devices
alone will significantly affect survivability in helicopter
ditchings. Many other factors may contribute to the
overall survival rate of occupants. For example, human
factors such as breath hold or temperature of the water
will most likely play an important role in survivability.
Further engineering is nceded to cnsure that flotation
devices can be used cffectively without compromising
the overall performance of the helicopter, otherwise it 1s
unlikely that overall survival rates<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>